Larvae of the blackspotted pliers support beetle, Rhagium mordax, were collected monthly, for the duration of 2012 and fixed. The larvae were embedded in paraffin wax and sectioned. Using fluorophore-coupled antibodies specific to the R. mordax antifreeze protein, RmAFP1, sections were visualised with UV reflected light microscopy. An automated software analysis method was developed in order to discard autofluorescence, and quantify fluorescence from bound antibodies. The results show that R. mordax cuticle and gut exhibit a higher degree of fluorophore-bound fluorescence during summer, than in the cold months. It is hypothesised that R. mordax stores RmAFP1 in, or near, the fat body during times when freeze avoidance is not needed. 
Detecting seasonal variation of antifreeze protein distribution in Rhagium mordax using immunofluorescence and high resolution microscopy has in many cases favoured the adaptation of a physiological cold response [19] [13].
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In overwintering insects the external environment can produce conditions that, put the 11 organism in danger of inoculative freezing [12] . As the environment cools, environmental 12 ice may start to form from condensed water, and contact with such ice could be fatal 13 for a freeze avoiding organism. Also, as insect larvae often have partly digested plant 14 remains in their gut lumen, this internal environment may freeze, making the whole 15 organism susceptible to inoculative freezing from the inside. As such, an emptying of 16 the gut is often observed in larvae preparing to overwinter [18] . and growth of ice crystals in the body fluids, AFP's can essentially extend the period of 24 2 As more intricate knowledge about the mechanism of these proteins have become available in recent years, they are often referred to as Ice Binding Proteins or Ice Structuring Proteins time before permanent damage occurs from freezing of the tissues.
detected year round because of this.
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In earlier studies it was determined that the fat bodies of larvae from D. canadensis 
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In two previously unpublished studies of AFP localisation in Zoarces viviparus [9] 13 and R. mordax [10] it was confirmed that the immunofluorescence method used in this 14 paper was functional, but needed to be expanded upon. It was further determined 15 that, AFP distribution in the cuticle and gut epithelium of R. mordax did not differ Based on the information presented here, the working hypothesis for this study is 2 that, the amount of RmAFP1 associated fluorescence in R. mordax larvae will decrease 3 as ambient temperature increases, as seen in D. canadensis. This is especially expected 4 to be the case in the cuticle, and gut epithelium, as these two tissue types are involved 5 in prevention of inoculative freezing. 
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Larvae were placed in embedding cassettes (Klinipath 2020) for easier storage. Larvae 17 were fixed using FineFix (HD Scientific ML 70147) and kept at 4°C until further pro-18 cessing. See Table 1 for an overview of the experiments. The fixed larvae were cut with a scalpel to allow better fluid penetration and dehy-24 drated in a series of increasing concentrations of ethanol and finally xylene. The dehy-25 drated larvae were then infiltrated by molten paraffin wax (Thermo Scientific 6774006) 1 at 60°C. Hardened blocks of paraffin wax and larvae were mounted on a Biocut 2030 mi-2 crotome, and cut at 5 µm thickness. Sections were transferred to a floatation bath (Agar 3 Scientific, L4136) filled with distilled water kept at 45-50°C, and allowed to expand and 4 stretch out for a few seconds before being collected onto a polysine coated glass slide 5 (Agar Scientific L4345). Polysine slides were air dried and gently wiped around the cross 6 sections. They were then allowed to anneal in a 40°C drying chamber for at least two 7 hours. See Sup1 in the supplementary materials for a detailed protocol. For images not containing DAPI-data, the image processing macro automatically detects 
Results
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The temperature data from Boserup forest, 2012, are shown in Figure 1 . Four probes
23
were installed at the forest location, but only three survived for the duration of the study. between temperature and hemolymph THA can be seen in Figure 1 .
The first immunofluorescence result presented here, is from a previously unpublished 8 study [10] , which was the inspiration for the present study. In Figure area is almost zero. By using the area and intensity result parameters, control-and im-25 munostained cross sections are shown to be significantly different (p<0.05). The visual 26 inspection in Figure 4 and the statistical test in Figure 5 show that the image processing 1 method developed for this study, works as intended.
Whole cross sections from each month were subject to the analysis seen in Figure 4 , 5 and the results are plotted in Figure 6 . The blue dots are the area parameter and the 6 orange dots are intensity. The immunofluorescence results are plotted on the left y-axis.
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The month mean temperature is plotted as a red line in Figure 6 , but on the right Smaller images containing gut epithelium and cuticle were extracted from the large All results from cross sections and extracted images, were compared to mean tem-26 perature and the correlation matrix is visualised in Figure 8 . In Figure 8 "Cross.area" 1 and "Cross.intensity" refer to area and intensity of the whole cross section, respectively. In the correlation plot seen in Figure 8 , it is clear that cuticle area and gut intensity with a regression analysis, and both correlations are significant, with p<0.05. The small 10 green box draws attention to a significant correlation between cuticle-and gut area,
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which indicates connection with temperature, which could not be seen in the top lane.
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The large green rectangle in Figure 8 draws attention to four correlations between area 13 and intensity of cuticle and gut, to the respective counterparts in the whole cross sec- tions. This is to be expected, since they share the same origin. It is still relevant to during the present study, but the previously unpublished micrographs shown in Figure 2 16 indicates the presence of a similar mechanism in R. mordax.
17
It therefore seems more likely that R. mordax resembles T. relationships can be seen as significant correlations in the top panel of Figure 8 .
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The temperature profile of the forest location in 2012, seen in Figure 1, Table 1 : An overview of the experiments contained in the data set. RGB means an image with all three wavelengths, while "No DAPI" lacks the blue. The control experiments were done either without primary (anti-AFP) or secondary (anti-rabbit) antibodies. The exclusion of either antibody resulted in the same autofluorescence pattern. The group of controls made with ZvAFP were shown to be strongly cross-reacting.
Figure 1: Temperature in Boserup forest, when the larvae were collected. Temperatures were measured with three probes. The bark temperature was measured by sliding the thermistor in to the space between the decomposing bark and the tree stump, the same microhabitat that the larvae were collected in. Air temperatures were measured by chips in the thermologgers themselves, and therefore represent the metal housing on top of the tree stump. Freezing temperatures (<0°C) and cold temperatures (<4°C ) are marked. The red dots represent hemolymph thermal hysteresis of R. mordax larvae collected in 2003 [18] . The dashed red line does not represent actual data points. An inverse relationship can be seen between hemolymph THA and temperature. mordax. Micrographs of R. mordax cuticle on larvae collected during winter 2a and summer 2b. Larvae were stained with a green antibody, specific to the most abundant R. mordax AFP isomer, RmAFP1. The single arrow points at the epicuticle, the double arrows point to the epidermis. In the summer larva (2b) the star marks the fat body near the epidermis. A bright green AFP-bound fluorescence can be seen in both micrographs, but the fluorescence below the cuticle seems stronger during summer. Scale bars are 100 µm. Figure 3 : Stitched image of a larval cross section from December 2012. This composite image was made from 22 micrographs. The final resolution is 13.5 megapixels. The cross section was stained with Alexa Fluor 488, and AFP-bound fluorescence is therefore green. The single arrow points to the cuticle, which is often seen with a bright autofluorescent outline. The double arrows point to the gut epithelium, and the star marks the gut lumen. The data on cuticle and gut fluorescence seen later in this study, were extracted from images such as this. A short graphical overview of the cross section preparation method can be seen in 5 Figure S1 , and a full protocl can be found below.
6 Figure S1 : Overview of the slide preparation method. Larvae were captured, fixed, dehydrated, embedded in parrafin wax and sectioned on a microtome in 5 µm slices. Sections were transferred to polysine slides using a floatation bath. The glass slides containing the cross sections were allowed to anneal and dry for two hours before moving on.
1: Dehydration of fixed tissue
Larva is removed from FineFix and cut twice perpendicular to the bilateral axis using a scalpel. As the fixed larvae can be very soft, it is important to slice and not push the scalpel through.
→ →
The three pieces of larva are transferred to increasingly concentrated solutions of ethanol while being gently shaken (IKA Labortechnik KS 125 B S1 Orbital Shaker). Xylene is toxic and should be handled under fume hood.
-Pure xylene, three times, one hour each
2: Embedding in paraffin wax
Tissue is infiltrated by molten paraffin wax at~60°C. This can be done in an embedding cassette while placed in the embedding mold (Thermo Scientific 6401016), but the cassette must be removed before the last infiltration as this is the paraffin that is allowed to harden. The paraffin wax is kept warm at the bottom of a Thermolyne Type 16500 Dri-Bath covered with aluminium foil and styrofoam. The mold is filled with clean paraffin wax one last time, and allowed to solidify. The block of paraffin and tissue is then ready for sectioning on the microtome. Note that the paraffin wax should not be allowed to harden slowly, as crystals may form. Room temperature around 20°C should be sufficiently cool. From now on, the slides should not be allowed to dehydrate, as it can obscure antigens.
→
The tissue sections are now ready for immunostaining or HE staining.
Sup2. Immuno staining 1
Following below, are the step-by-step staining protocols used in this study. -Add 100 µl of blocking solution per slide and incubate at room temperature for 30 minutes with the lid closed.
→
Drain blocking solution from slides by tilting and gently touching the surface of the water with lens paper.
→ -Add 100 µl of primary antibody per slide. Incubate at 4°C overnight.
-Wash slides in 1x TBS 4 times, 5 minutes each.
-Rinse once with 5\% BSA in TBS, 5 minutes.
Secondary antibody contains a photosensitive region, so do the following steps should be performed in the dark, if possible.
→ -Add 100 µl secondary antibody and incubate at room temperature for 30 minutes.
→ -Wash with 1x TBS 4 times, 5 minutes each.
2: Mounting and visualization
Slides are mounted and coverslipped using a drop Citifluor AF1 (Agar Scientific, R1323). The series of incubations involved in performing an HE stain should be prepared in individual slide staining dishes before the first incubation with xylene is initiated. Slides should be processed in batches using a slide staining holder. Note that this method is based on a modified version of the one described in the instructions manual provided with Shandon Instant Hematoxylin. Figure S2 : Overview of the slide processing method. Larva cross sections had the remaining paraffin wax removed by xylene, and were then rehydrated in increasingly hydrophilic fluids baths, going from 100 % ethanol to pure water. Slides were then incubated with the primary antibody (anti-AFP) for 24 hours, followed by buffer rinse and a thirty minute secondary antibody incubation. Slides were visualised on an Axio Imager.M2m setup, and micrographs were captured back-to-back to allow for automated image stitching. The large composite images were processed with FIJI, allowing an overview of the entire cross section, while still maintaining high resolution.
Sup5. Processing with Fiji
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The fluorophore used in this study could be visualised in the green FITC range, 2 meaning red and blue fluorescence could be considered autofluorescence. This macro 3 function calculates the two fluorescence parameters "area" and "intensity" on a whole 4 larva cross section. The input is a folder containing all the .tif images to be analysed.
5
The macro runs in a vanilla version of Fiji, and only requires that the folder containing 6 the imagery also contains two subfolders named "bin" and "jpg". These folders contain the results after analysis has ended. For a graphical overview, see Figure S3 .
8 Figure S3 : Graphical overview of the image processing script. The high resolution, stitched micrographs that make up the raw data in this study, have colour information in three separate layers. Antifreeze proteins were stained with a green fluorophore, so the red and blue layers are autofluorescence.
Step one in the macro, is to create a binary mask of all the autofluorescence from the red and blue layer. These binary masks are then subtracted from the green layer, essentially filtering out all fluorophore fluorescence, which would have otherwise been insignificant due to autofluorescence. In step 2, the remaining green area is turned in to a binary mask. The FITC fluorescence intensity in the area covered by this mask, is the result parameter "intensity". The size of the remaining green mask, compared to the original, is the result parameter called "area". The remaining mask is then inverted, so that it covers all the areas of non-significant fluorescence. The third step is to apply the inverted mask to the original image and remove all non-significant pixels. The remaining image contains only significant fluorescence, and control images should be close to all black, like the the image seen in 4d
.
